MASKS FUK USE IN OPTICAL 
LITHOGRAPHY BELOW 180 NM 

This application claims the benefit of U.S. Provisional 
Patent Application Ser. No. 60/118,795 filed on Feb. 5, 1999 
which is herein incorporated by reference. 

FIELD OF 1HE INVENTION 

This invention relates generally to lithography and, more 
particularly, Vo masks for use in optical lithography at or 
below about 180 nm. 

BACKGROUND OF THE INVENTION 
lithography is a process for producing a panern on a 
semiconductor wafer. The pattern is produced by first expos- 
ing a pattern etched into a mask onto a semiconductor wafer 
coated with a resist material. The projected image of the 
pattern changes the composition of the resist material on the 
semiconductor wafer which is then removed to leave a 
matching pattern on the semiconductor wafer for further 
processing. 

Depending upon the particular lithography application, 
the mask needs to satisfy several different requirements. The 
challenge is in finding a material or materials for use as the 
mask which will satisfy these requirements. 

Historically, optical masking has been performed using a 
layer of chromium rich chromium nitride over fused silica, 
overcoated with a chromium oxinilride a nti -reflective 
("AR") layer to reduce reflectivity below 10%. Chromium 
("Or") is an excellent choice from optical and tbermome- 
chanical standpoints at wavelengths where it is sufficiently 
opaque, i.e. wavelengths generally above 180 nm. The 
spectra of chromium metal shown in FIG. 1 illustrates why 
it has been such a good mask from about 193 nm to about 
436 nm. Referring to FIG. 2, the optical density (plotted here 
at log (transmission)) of a 1000 A Cr metal film is shown. 
Again for wavelengths between about 1 93 nm and 500 nm, 
chromium is an excellent choice. The optical density of Cr 
film is near 5.0 in the ultraviolet (^IJV*') range and it 
decreases to —4.5 at 3.93 nm. As thinner Cr metal films are 
used in manufacturing (800 A for instance), the optical 
density above 190 nm may still be sufficiently high (above 
4.0). 

However, as shown in FIG. 1, chromium metal is a less 
desirable choice as a mask for wavelengths below 193 nm. 
Additionally, as shown in FIG. 2, at 157 nm, the optical 
density of the Cr metal film is 3.5 for a 1OO0 A film and as 
low as 3.0 for a 800 A film. At these optical densities, mask 
modulation is likely too be low for imaging of fine feature 
geometry. Unfortunately, a masking film thickness of over 
about 800 A is undesirable for 157 nm applications because 
of the aspect ratio requirements of features smaller than 300 
nm. Accordingly, it appears that chromium mask materials 
may not be adequate below 193 nm, in particular at potential 
vacuum ultraviolet ("VUV") wavelengths, i.e. from about 
120 nm to 180 nm, such as 157 nm. 

Another factor in selecting a mask for use in optical 
lithography below ISO nm is the etch characteristics of the 
mask. The mask must have suitable etch characteristics with 
selectivity to the underlying substrate and to the resist 
material. In other words, the film on the substrate which 
forms the mask must be made of a material or materials 
which can be etched to form the pattern to be replicated on 
semiconductor wafers without significant loss to the under- 
lying substrate or to the resist material. 

As yet, an appropriate replacement material or materials 
for chromium films for use as the mask for lithography at or 



below 1 80 nm, i.e. a mask with the desired optical properties 
and etch characteristics, has not been found. 

SUMMARY OF THE INVENTION 

5 A mask for use on a layer of imaging material which is 
located on at least a portion of one surface of a substrate in 
a lithography process in accordance with one embodiment of 
the present invention includes a layer of a masking material 

3Q which has an optical density of at least 4.0 for wavelengths 
at or below about ISO nm and a thickness equal to or less 
than about 1000 angstroms. Materials, such as tungsten and 
amorphous silicon, can be. used for the mask. 

A lithography system in accordance with, another embodi- 

l5 mcnt of the present invention includes a substrate with at 
least one surface, a layer of imaging material on at. least a 
portion of the one surface, and a layer of masking material 
which has an optical density of at least 4.0 for wavelengths 
at or below about 180 nm and a thickness equal to or less 

20 than about 1000 angstroms on at least a portion of the layer 
of imaging material. 

A method -for- lithography in accordance -with another 
embodiment of the present invention includes a few steps. 
First, a mask is applied over at least a portion of one surface 

25 of a substrate, wherein the mask has art optical density of at 
least 4.0 for wavelengths at or below about 180 nm and a 
thickness equal to or less than about 1000 angstroms. Next, 
a Jayer of imaging material is applied over at least a portion 
of the mask. Next, at least a portion of the layer of imaging 

30 material and the mask are etched and then the remaining 
portion of the layer of imaging material is removed. The 
mask is then exposed to radiation at wavelengths at or below 
about 180 nm. 

The present invention provides a number of advantages 
35 including providing a mask which has desirable optical 
properties for use in optical lithography at or below about 
3 80 nm. More specifically, the mask has an optical density 
of at least 4.0 for wavelengths at or below about 180 nm with 
a thickness equal to or less than about 1000 angstroms. 
40 The present invention also provides a mask with suitable 
etch characteristics. The layer of masking material can be 
etched without a significant loss of the underlying substrate 
or resist material. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 3. is a graph illustrating the absorption coefficient 
(1/cm) for various metals at wavelengths from 110 nm to 
500 nm; 

50 FIG. 2 is a graph illustrating the optical density of a 1000 
A Cr metal film at wavelengths from 110 nm to 500 nm; 

FIG. 3 is a graph illustrating the optical density of a 800 
A W film at wavelengths from 110 nm to 500 nm; 

FIG. 4 is a graph illustrating the reflectivity of a 8O0 A W 
55 film at wavelengths from 31.0 nm to 500 nm; 

FIG. 5 is a graph illustrating the reflectivity of an AR 
coated W film as a function of AR extinction coefficient and 
thickness; 

^ FIG. 6 is a graph illustrating the reflectivity of a S00 A W 
film with an AR layer at wavelengths from about 150 nm to 
500 nm; 

FIG. 7 is a graph illustrating the absorption coefficient 
(1/cm) for tungsten, amorphous silicon, and chromium at 
65 wavelengths from about 150 nm to 500 nm; 

FIG. 8 is a graph illustrating the optical density of a 900 
A a-Si film at wavelengths from about 150 nm to 500 nm; 



FIG. 9 is a graph illustrating the reflectivity of a 900 A 
a -Si film with an AR layer at wavelengths from about 150 
nm to 500 nm; and 

FIG. 10 is a cross-sectional view of a substrate with a 
layer of photoresist and a mask in accordance with one 
embodiment of the invention. 

DETAJUED DESCRIPTION 

A mask film 30 for use in optical lithography at or below 
about 180 nm in accordance wiih one embodiment of the 
invention is illustrated in FIG. 10. The mask 10 has an 
optical density of at least about 4.0 for wavelengths at or 
below about 3 80 nm and a thickness of about 1000 ang- 
stroms or less. The present invention provides a number of 
advantages including providing a mask 10 which has suit- 
able optical properties for lithography at or below about ISO 
nm and has suitable etch characteristics. 

Referring to FIG. l f the absorption coefficients (1/cro) for 
molybdenum (Mo), tungsten (W), chromium (Cr), niobium 
(No), nickel (Ni), tantalum (Ta), and titanium (Ti) metals at 
wavelengths firom 110 nm to 500 nm are illustrated. As 
discussed in greater detail earlier in the background with 
reference to FIGS. 3 and 2, chromium is a good choice for 
use as a mask 10 for wavelengths ranging between about 193 
nm to about 436 nm, but docs not possess desirable optical 
properties as a mask 10 for wavelengths below about 193 
nm. 

Preferably, a material or materials for use as a mask 10 in 
optical lithography for wavelengths at or below 180 nm will 
have an optical density of at least 4.0 for wavelengths at or 
below 180 rim, conduct sufficient to prevent charging, have 
dry etch stability, have radiation stability, have good adhe- 
sion properties, and have chemical durability. Additionally, 
the material or materials used for the mask 10 preferably 
have a thickness equal to or less than about 1000 angstroms, 
although the thickness can vary as needed or desired. 

One example of a material which meets these require- 
ments and is suitable for use as a mask 30 for optical 
lithography at or below about ISO nm is tungsten. As shown 
in FIG. 1, at about 157 nm tungsten has an absorption 
coefficient six times that of chromium. Additionally, as 
shown in FIG. 3, an 800 A thick film of tungsten produces 
an optical density of 5.0 at about 157 nm which is close to 
the value for the optical density of chromium at ultraviolet 
("UV") wavelengths, i.e. wavelengths between about 250 
nm and 450 nm, where chromium is a desired material for 
a mask 10. Further as shown in FIG. 4, the reflectivity of 
tungsten at 157 mn is near 50%, which can be reduced 
through use of an a nti -reflective layer ("AR") 12. Preferably, 
a mask 10 made oftungsten has a thickness between about 
400 A and 1000 A, although the thickness can vary as 
needed or desired. 

Another example of a material which is suitable for use as 
a mask 10 for optical lithography at or below about 180 nm 
is amorphous silicon. As shown in FIG. 7, at about 3 57 nm 
amorphous silicon has an absorption coellScient which is 1.5 
times that of chromium. Although amorphous silicon is not 
as good a material for a mask 10 as tungsten, it still is 
acceptable. As shown in FIG. 8 a Him of amorphous silicon 
having a thickness of about 900 A has an optical density near 
5.0 at about 157 nm. Preferably, a mask made of amorphous 
silicon has a thickness between about 4O0 A and 1000 A, 
although the thickness can vary as needed or desired. 
Although tungsten and amorphous silicon are disclosed as 
materials which can be used lor the mask 10 lor optical 
lithography at or below about 380 nm, other materials which 



have an optical density of at least 4.0 for wavelengths at or 
below about 180 nm and a thickness equal to or less than 
about 1000 angstroms may also be used. 

Preferably, the mask 10 has a reflectivity of less than 
5 about 20%, however even if the reflectivity is higher than 
desired the reflectivity can be reduced. To reduce reflectivity 
of the mask 10, an optional an AR layer 12, such as a metal 
nitride, oxide, or fluoride, may be added over at least a 
portion of the mask 10. Referring to FIG. 5, a plot of the 

3C reflectivity tungsten as a function of a tungsten nitride, 
tungsten oxide, or tungsten exintridc AR layer 12 extinction 
coefficient and thickuess for a fixed refractive index (real) of 
2.7 is shown. As shown in this graph, several possibilities 
exist ihat.produ.ee a reflectivity below about 3 0%. Referring 

is to FIG. 6, the reflectivity of a fllm of tungsten with an AR 
layer 12 of 60 A is illustrated. As shown in this graph, the 
reflectivity of the tungsten with the AR layer 12 of 60 A at 
about 157 nm is below 10%. Referring to FIG. 9, the 
reflectivity of a film of the layer of amorphous silicon with 

20 a silicon oxinitridc AR layer 12 of 80 A is illustrated. As 
shown in this graph, the reflectivity of the layer of amor- 
phous silicon with the AR layer 12 of 80 A at about 157 nm 
is also below 10%. Although tungsten oxinitride and silicon 
oxinitride are shown as possible AR layers, other materials, 

^5 such as other group IV, V, and VI metal nitrides, oxides, and 
oxi nitrides can also be used as AR layers. 

Preferably, the material or materials used for the mask 10 
in optical lithography for wavelengths at or below 380 nm 
will have suitable etch characteristics. Both tungsten and 

30 amorphous silicon can be easily etched using one of a 
variety of different etching techniques, such as the use of 
halogen chemistry, which is well known to those or ordinarv 
skill in the art. Etch rates for both tungsten and amorphous 
silicon, as well as for any optional AR layers 12, are higher 

35 than that demonstrated for chromium. 

A lithographic process using a mask 10 in accordance 
with one embodiment of the present invention will be 
discussed with reference to FIG. 10. 

40 First a mask layer 10 is placed over at least a portion of 
one surface of substrate 16. Preferably, the mask 10 has an 
optical density of at least 4.0 for wavelengths at or below 
about 180 nm and a thickness equal to or less than about 
3000 angstroms. By way of example only, the mask 10 may 

45 comprise a layer of material, such as tungsten or amorphous 
silicon. 

Next, an optional AR layer 12 may be added over the 
mask 10. The AR layer 12 is added to reduce the reflectivity 
to be preferably below about 20%, although the desired 

5(J percentage of reflectivity can vary as needed or desired . By 
way of example only, the AR layer 12 may comprise a layer 
of material, such as tungsten oxinitride or silicon oxinitride. 

Next, a layer of imaging materia] 14, such as a 
photoresist, is applied' over the mask 10 and the optional AR 

55 layer 12. Once the imaging material is in place, the imaging 
material is exposed and developed using electronic beam or 
radiation exposure. Next, the mask 10 and the optional AR 
layer 12 are etched to form the desired pattern. A variety of 
different techniques can be used to etch the mask 10 and the 

60 AR layer 12, such as using halogen chemistries, which are 
well known to those of ordinary skill in the art and thus will 
not be described here. 

Once the mask 10 tbe AR layer 12 have been etched into 
the desired pattern, the imaging material 14 is removed. 

65 Having thus described the basic concept of the invention, 
it will be rather apparent to those skilled in the art that the 
foregoing detailed disclosure is intended to be presented by 



